Although theoretical models predict that the quality of foraging patches has little effect on optimal dive time with increasing depth, many empirical studies show that dive time at a given depth may vary. We developed a model that incorporated patch quality as a parameter of energy intake as a nonlinear function of time, and applied it to the diving behaviour of Brünnich's guillemots, Uria lomvia. The model indicated that optimal dive time can vary widely depending on the parameter. It also explained the convergence of observed dive times with travel time. Assuming the birds dived optimally, this parameter can be estimated from travel time and dive time for each dive. Foraging patches with larger estimated parameter values were favoured by the birds, suggesting that the parameter indicated patch quality. We used this parameter to test an optimal patch use model in divers. The results indicate that Brünnich's guillemots adjust their diving behaviour adaptively depending on patch quality, and that the optimal diving model is valid for prediction of observed dive patterns if patch quality is incorporated appropriately.
Although theoretical models predict that the quality of foraging patches has little effect on optimal dive time with increasing depth, many empirical studies show that dive time at a given depth may vary. We developed a model that incorporated patch quality as a parameter of energy intake as a nonlinear function of time, and applied it to the diving behaviour of Brünnich's guillemots, Uria lomvia. The model indicated that optimal dive time can vary widely depending on the parameter. It also explained the convergence of observed dive times with travel time. Assuming the birds dived optimally, this parameter can be estimated from travel time and dive time for each dive. Foraging patches with larger estimated parameter values were favoured by the birds, suggesting that the parameter indicated patch quality. We used this parameter to test an optimal patch use model in divers. The results indicate that Brünnich's guillemots adjust their diving behaviour adaptively depending on patch quality, and that the optimal diving model is valid for prediction of observed dive patterns if patch quality is incorporated appropriately.
 2002 The Association for the Study of Animal Behaviour. Published by Elsevier Science Ltd. All rights reserved.
Diving birds and mammals foraging on aquatic prey are presented with physiological constraints that are largely absent for animals foraging on terrestrial prey. Since more efficient foraging behaviour probably results in greater fitness, diving animals should organize their diving behaviour optimally under the physiological constraints (e.g. Boyd 1997).
Many authors have presented optimal diving models that predict optimal organization of diving behaviour in foraging divers (Kramer 1988; Wilson & Wilson 1988; Ydenberg & Clark 1989; Houston & Carbone 1992; Carbone & Houston 1996; Mori 1998a Mori , b, 1999 Walton et al. 1998; Thompson & Fedak 2001) . All of these theoretical models are, in general, developed on the basis of the following three assumptions: (1) the currency maximized is energy intake per time necessary for foraging; (2) time necessary for foraging consists of dive time and surface time needed for the dive, and dive time consists of the time spent at a foraging patch plus the total travel time between the surface and the foraging patch at a given depth; and (3) energy intake is an increasing function of the time spent at the foraging patch. Based on these assumptions, the models predict the optimal organization of diving behaviour in relation to foraging conditions such as depth and quality of the foraging patch. By combining predictions of these models, the following predictions can be derived: (1) when a foraging patch is located in deep water, divers should make long dives with, if necessary, additional anaerobic metabolism, but the number of dives to the patch, or total patch residence time, should be small; and (2) when a foraging patch is good in quality, divers should make long dives with, if necessary, additional anaerobic metabolism, and the number of dives to the patch should be large.
Prediction 2 has not been tested because of the difficulty of measuring patch quality. Prediction 1, however, is concerned with dive depth. Although there have been few empirical studies to suggest that anaerobic Correspondence: Y. Mori, Department of Zoology, Graduate School of Science, Kyoto University, Sakyo, 
